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(54) METHOD AND DEVICE FOR MANUFACTURING SOLAR BATTERY ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
manufacturing solar battery element by which solder 
coating can be performed with high productivity without 
deteriorating the wettability of solder by uniformly 
performing preliminary heating in a short time. 
SOLUTION: In the method of manufacturing solder 
battery element in which electrodes formed on the 
surface of a solar battery element are coated with solder 
by dipping the element in a solder melt, the solar battery 
element is dipped in a liquid maintained at a temperature 
higher than the boiling point of a solvent for flux after a 
flux solution diluted with the solvent for flux is applied to 
the element or the element is dipped in the flux solution 
before the element is dipped in the solder melt. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 
[Claim 1] 

In a manufacturing method of a solar battery element which immerses a solar battery element by which an 
electrode was formed in the surface in solder melt, and covers said electrode with solder, A manufacturing 
method of a solar battery element by which being immersed in a liquid maintained at a temperature higher than 
the boiling point of said solvent for flux after applying a flux solution diluted with a solvent for flux or being 
immersed in this flux solution, before said solar battery element is immersed in said solder melt. 
[Claim 2] 

A manufacturing method of the solar battery element according to claim 1, wherein the boiling point of said liquid 
is higher than the boiling point of a solvent for flux. 
[Claim 3] 

A manufacturing method of the solar battery element according to claim 1 or 2, wherein said solvent for flux is 
water or isopropyl alcohol. 
[Claim 4] 

A manufacturing method of the solar battery element according to any one of claims 1 to 3, wherein said liquid is 
alkylene glycol or polyalkylene glycol ethylene glycol. 
[Claim 5] 

. [ whether a flux solution which diluted with a solvent for flux a solar battery element by which an electrode was 
formed in the surface is applied, and ] Or after being immersed in this flux solution, it is a manufacturing 
installation of a solar battery element which immerses in solder melt and covers said electrode with solder, A 
manufacturing installation of a solar battery element which provides a preheating tub into which a liquid 
maintained at a temperature higher than the boiling point of said solvent for flux went apart from a solder tub of 
said solder melt. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

Especially this invention relates to the manufacturing method and manufacturing installation of a solar battery 
element which immerse the solar battery element which has an electrode in solder melt about the manufacturing 
method and manufacturing installation of a solar battery element, and cover an electrode with solder. 
[Background of the Invention] 
[0002] 

As for a solar battery element, it is common to use it by an inner lead, connecting two or more sheets. The 
electrode of the solar battery element is usually covered with solder, in order to connect an inner lead. While 
preventing oxidation of an electrode surface and securing long term reliability by covering the electrode of a 
solar battery element with solder, it is effective in lowering resistance of an electrode. 
[0003] 

As a method of covering the electrode of a solar battery element with solder, the method of immersing in solder 
melt is common. In this case, carry out that the oxide of an electrode surface is removed and it is easy to form 
solder and the alloy of an electrode, or. When a solar battery element is heated by forming a film between air, in 
order to prevent the surface of an electrode from oxidizing, or to reduce interfacial tension and to promote **** 
of solder, flux is applied on the surface of an electrode. In order to activate the flux, after making it dry at about 
100 **, it is immersed in solder melt. 
[0004] 

When covering solder simultaneously to the electrode of two or more solar battery elements, two or more solar 
battery elements are accommodated in a wafer carrier, and it is immersed in a solder tub. This wafer carrier is 
shown in drawing 3 (a) and drawing 3 (b). Drawing 3 (a) is a figure when a wafer carrier is seen from the side, and 
drawing 3 (b) is a figure showing the section between A-A' in drawing 3 (a). In drawing 3 (a) and drawing 3 (b), 9 
shows a solar battery element and 25 shows a wafer carrier. The wafer carrier 25 is constituted so that a 
predetermined interval may be maintained and two or more solar battery elements 9 may be allocated in a 
lengthwise direction (for example, refer to patent documents 1 ). 
[0005] 

The electrode of the solar battery element 9 is covered with solder by immersing the wafer carrier 25 which 
accommodated two or more solar battery elements 9 in solder melt, and pulling up it. Thus, by the method of 
carrying out batch processing of two or more solar battery elements 9 in the wafer carrier 25, since the 
soldering time per sheet of the solar battery element 9 can be shortened, it leads to improvement in 
productivity. 

[Patent documents 1] JP,2002-31 961 6,A 
[Description of the Invention] 
[Problem to be solved by the invention] 
[0006] 

As for spreading of flux, it is common to carry out by two or more solar battery elements being simultaneously 
immersed into the tub filled with the flux of ordinary temperature from the field of productivity. It is necessary to 
heat the solar battery element to which flux was applied before after-fluxing solder immersion. The purpose of 
heating prevents the element cracks by the thermal shock in the immersion to the melting solder tub heated by 
(1), [ of about 200 ** ] (2) It is preventing the solder solution temperature fall by the latent heat of vaporization 
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generated when heating evaporation of the solvent contained in activating flux and removing the oxide of an 

electrode surface and (3) flux is carried out and a solvent's is carried into a solder tub. 

[0007] 

Although IPA (isopropyl alcohol) is generally used, these days, the replacement to water from an environmental 
problem is following the solvent of flux. The boiling point of IPA is 82.7 ** and can evaporate a solvent at a 
temperature lower than the case where a solvent is water. 
[0008] 

Heating of flux is called preheating and, generally preheating is carried out within a hot wind tub. The method of 
the conventional preheating is shown in drawing 4 . Drawing 4 (a) is a block diagram of each unit of the 
conventional hot wind heating system, and drawing 4 (b) is a figure showing the inside of the preheating tub of 
the conventional hot wind heating system. 
[0009] 

As shown in a figure, the hot air generator 23 heats the air taken in from the open air incorporation mouth 24, 
and sends it into the preheating tub 20. The temperature inside the preheating tub 20 is monitored by the 
thermo couple 21, a measurement result is fed back to the temperature selector 22, and the temperature 
selector 22 controls the hot air generator 23 to become the temperature to which the inside of the preheating 
tub 20 was set. Inside the preheating tub 20, the solar battery element 9 is stored in the wafer carrier 25, and 
preheating is carried out to the temperature set up with the temperature selector 22 by the hot wind 26 sent in 
from the hot air generator 23. 
[0010] 

However, if water applies the flux of a solvent to the solar battery element 9 of two or more sheets and it tries 
to perform preheating to 100 ** within the preheating tub 20 by a hot wind, it will take 2 minutes or more until it 
is heated enough. When it tries to perform preheating for a short time and hot blast temperature or hot wind air 
capacity is raised, temperature becomes high selectively in the field of the solar battery element 9, the flux of 
the part deteriorates, and a solder wettability is made to fall. 
[0011] 

This invention is made in view of such a conventional problem, and is a thing. 

The purpose is to provide a short time and the manufacturing method of a solar battery element which can 
perform solder covering with sufficient productivity without carrying out uniformly and spoiling a solder 
wettability. 

[Means for solving problem] 
[0012] 

To achieve the above objects, the manufacturing method of the solar battery element concerning Claim 1 of this 
invention, In the manufacturing method of the solar battery element which immerses the solar battery element 
by which the electrode was formed in the surface in solder melt, and covers said electrode with solder, Before 
said solar battery element is immersed in said solder melt, after applying the flux solution diluted with the 
solvent for flux or being immersed in this flux solution, it is immersed in the liquid maintained at a temperature 
higher than the boiling point of this solvent for flux. 
[0013] 

The manufacturing method of the solar battery element concerning Claim 2 of this invention is characterized by 
the boiling point of said liquid being higher than the boiling point of the solvent for flux in the manufacturing 
method of the solar battery element of this invention according to claim 1. 
[0014] 

The manufacturing method of the solar battery element furthermore built over Claim 3 of this invention is 
characterized by said solvent for flux being water or isopropyl alcohol in the manufacturing method of the solar 
battery element of this invention according to claim 1 or 2. 
[0015] 

And the manufacturing method of the solar battery element concerning Claim 4 of this invention is characterized 
by said liquid being alkylene glycol or a polyalkylene glycol in the manufacturing method of the solar battery 
element of this invention according to any one of claims 1 to 3. Alkylene glycol points out the glycol containing 
an alkylene group, for example, ethylene glycol, propylene glycol, etc. are contained. Similarly, a polyethylene 
glycol, a polypropylene glycol, etc. are contained in a polyalkylene glycol. In this invention, it shall point out also 
about the solution which mixed suitably the glycols which shall point out also about the solution which mixed 
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with alkylene glycol suitably the glycols containing an alkylene group, and contain a polyalkylene group similarly 

about a polyalkylene glycol. 

[0016] 

The manufacturing installation of the solar battery element concerning Claim 5 of this invention, . [ whether the 
flux solution which diluted with the solvent for flux the solar battery element by which the electrode was formed 
in the surface is applied, and ] Or after being immersed in this flux solution, the preheating tub into which it is a 
manufacturing installation of the solar battery element which immerses in solder melt and covers said electrode 
with solder, and the liquid maintained at a temperature higher than the boiling point of said solvent for flux went 
apart from the solder tub of said solder melt is provided. 
[Effect of the Invention] 
[0017] 

As explained to details above, according to the manufacturing method of the solar cell concerning Claim 1 of this 
invention, preheating after fluxing can be carried out to a short time and homogeneity. Thereby, by the 
conventional hot wind heating system, it has taken 2 minutes or more, shortening of the preheating time which 
was a rate-limiting process of the solder process was attained till 10 seconds, and shortening of the baton of a 
solder process was attained substantially. 
[0018] 

Since the boiling point of the liquid was made higher than the boiling point of the solvent for flux according to 
the manufacturing method of the solar battery element concerning Claim 2 of this invention, Even if it makes a 
liquid higher than the boiling point of the solvent for flux, a liquid does not deteriorate, or it is not boiled and lost, 
and it can be stabilized and the effect of removing the solvent of the flux applied to the solar battery element 
can be prolonged. 
[0019] 

According to the manufacturing method of the solar battery element furthermore built over Claim 3 of this 
invention, since it was considered as water or isopropyl alcohol, the solvent for flux has the low load to 
environment, and there is little fear of environmental pollution. 
[0020] 

And since the liquid was made into either alkylene glycol or a polyalkylene glycol according to the manufacturing 
method of the solar battery element concerning Claim 4 of this invention, It can be stabilized, and can hold by a 
high temperature state, and the solvent of the flux applied to the solar battery element can be removed 
certainly. 
[0021] 

According to the manufacturing installation of the solar battery element concerning Claim 5 of this invention, the 
solar battery element concerning the manufacturing method of this invention is producible in large quantities in 
the stable quality. 

[Best Mode of Carrying Out the Invention] 
[0022] 

Hereafter, the embodiment of this invention is described in detail using Drawings. 
[0023] 

(f) shows the fundamental manufacturing method of the solar battery element concerning this invention from (a) 
of drawing 2 . First, the silicon substrate 1 is prepared as a semiconductor substrate. This silicon substrate 1 

consists of a single crystal or polycrystalline silicon. This silicon substrate 1 carries out 1x10 -1x10 

18 atoms/cm 3 grade content of the 1 conductivity-type semiconductor impurities, such as boron (B), and is a 
substrate of about 1.5 ohm-cm of specific resistance. In the case of a single crystal silicon substrate, it is 
formed of the Czochralski method etc., and, in the case of a polycrystalline silicon board, is formed of a casting 
process etc. A polycrystalline silicon board can be mass-produced and is more advantageous than a single 
crystal silicon substrate in respect of a manufacturing cost. The ingot formed of the Czochralski method or a 
casting process is sliced in thickness of about 300-500 micrometers, and it cuts in size of 15 cm x about 15 cm, 
and is considered as the silicon substrate 1. 
[0024] 

Next, by arranging the silicon substrate 1 all over a diffusion furnace, and heating in phosphorus oxychloride 
(POCL) etc., The diffusion zone 2 which makes the surface portion of the silicon substrate 1 carry out 1x10 - 
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1x10 18 atoms/cm 3 grade diffusion of the phosphorus atom, and presents other conductivity types to it is formed 
(refer to drawing 2 (b)). This diffusion zone 2 is formed in a depth of about 0.2-0.5 micrometer, and it is formed 
so that sheet resistance may become 40ohms / more than **. And it leaves only the diffusion zone 2 by the 
side of the 1 principal surface of the silicon substrate 1 , and the diffusion zone 2 of other portions is etched 
( drawing 2 (c)). 
[0025] 

Next, the a nti reflection film 3 is formed in the 1 principal-surface side of the silicon substrate 1. This 
antireflection film 3 consists of silicon nitride films etc., and is formed with the plasma CVD method using the 
mixed gas of Silang and ammonia, etc. Light is prevented from reflecting this antireflection film 3 on the surface 
of the silicon substrate 1 t and it provides in order to incorporate light effectively in the silicon substrate 1. In 
other principal surface side, high-concentration 1 conductivity-type semiconductor impurities are diffused, and 
the BSF layer 4 is formed (refer to drawing 2 (d)). 
[0026] 

And after etching the portion equivalent to the surface electrode 5 of this antireflection film 3, the surface 
electrode 5 is formed by applying and calcinating electrode paste (refer to drawing 2 (e)). This surface electrode 
5 may be formed by applying electrode paste directly and calcinating on the antireflection film 3, by what is 
called a fire through method that is made to carry out melting of the antireflection film 3 under a paste, and 
carries out direct contact to the silicon substrate 1. The rear electrode 6 is formed by applying and calcinating 
electrode paste also at the rear face. 
[0027] 

This electrode paste is printed by printing with screen printing what carried out 0.1-5 weight-section addition to 
silver 100 weight section, and made glass frit paste state at the end of silver dust, and an organic vehicle, and 
calcinating about 1 to 30 minutes at 600-800 **. The softening temperature when this glass frit contains a kind 
at least among PbO, B 2 0 3 , and Si0 2 consists of a thing 500 ** or less etc. 

[0028] 

Then, in order to connect solar battery elements by an inner lead by reservation and post process of long term 
reliability, the solder enveloping layers 7 and 8 are formed in the surface of the surface electrode 5 and the rear 
electrode 6 (refer to drawing 2 (f)). The solar battery element 9 is completed by this. 
[0029] 

In this invention, before the solar battery element 9 is immersed in solder melt, after applying the flux solution 
diluted with the solvent for flux or being immersed in this flux solution, it is characterized by being immersed in 
the liquid maintained at a temperature higher than the boiling point of this solvent for flux. It explains in more 
detail about this method. 
[0030] 

First, although the rosin system flux usually known well and water-soluble flux can be used for flux, it is more 
desirable to use water-soluble flux from the Reason for earth environment protection. As a solvent for flux 
which can dissolve these flux beforehand, to IPA (isopropyl alcohol) or water, these flux is diluted so that it may 
become about 40 to 60weight % of concentration, and a flux solution is produced. 
[0031] 

A flux layer is formed on an electrode by applying directly the flux solution produced as mentioned above to the 
portion of the solar battery element 9 which provided the electrode at least by brush, a spray, etc., or immersing 
the solar battery element 9 into a flux solution. In order to form a flux layer on an electrode, it is desirable from 
the field of productivity to store two or more solar battery elements 9 to a wafer carrier, and to be immersed by 
package into the tub filled with the flux solution of ordinary temperature. 
[0032] 

Although it is not necessary to make it dry especially about the flux solution applied to the electrode of the solar 
battery element 9, it may be made to dry automatically and may be made to dry by a heater, warm air, etc. 
[0033] 

In this invention, it is characterized by immersing the solar battery element 9 which formed the flux layer on the 
electrode as mentioned above in the liquid maintained at a temperature higher than the boiling point of this 
solvent for flux. This concrete manufacturing method and manufacturing installation are explained using figures. 
Drawing 1 is a figure showing the manufacturing method and manufacturing installation of a solar battery element 
concerning this invention, in drawing 1 — 9 — a solar battery element and 15 — a wafer carrier and 12 — a 
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liquid and 13 show a heater, 16 shows a solder melt tub, and, as for a preheating tub and 1 1, an arm and 10 show 

solder melt 1 7. 

[0034] 

The wafer carrier 15 which stored two or more solar battery elements 9 in which the flux layer was formed on 
the electrode is supported with the arm 12, Preheating of the solar battery element 9 is performed by being 
immersed for 10 seconds into the polyalkylene glycol heated by 1 10 **, and pulling up with the liquid 1113 which 
is a heating medium, for example, a heater, within the preheating tub 10. Then, it is immersed in the solder melt 
tub 16 which filled the solder melt 17, and solder is covered. 
[0035] 

Here, the liquid 1 1 which is a heating medium filled to preheating tub 10 inside chooses what has the boiling 
point of the liquid 1 1 higher than the boiling point of the solvent for flux according to the boiling point of the 
solvent for flux. For example, when the solvent for flux is IPA (80 ** of boiling points), the boiling point considers 
it as a not less than 80 ** liquid, and when the solvent for flux is water (100 **), the boiling point considers it as 
a not less than 100 ** liquid. Specifically as the liquid 11, alkylene glycol, a polyalkylene glycol, etc. which are 
represented by ethylene glycol (197.6 ** of boiling points), a polyethylene glycol (120-150 ** of boiling points), 
etc. besides water (100 ** of boiling points) can be used conveniently. 
[0036] 

As a concrete combination, when the solvent for flux is IPA, ethylene glycol is chosen as the liquid 1 1 of the 
heating medium filled to the preheating tub 10, and the temperature of the preheating tub 10 should just set up 
not less than 80 ** become about 110** preferably. What is necessary is to choose ethylene glycol as the liquid 
1 1 of the heating medium filled to the preheating tub 1 0, and just to set up so that the temperature of the 
preheating tub 10 may be not less than 110**, for example also when a solvent is water. Although what is 
necessary is just the temperature which the liquid 1 1 boils or does not deteriorate as upper limit temperature of 
preheating, when the selected liquid has inflammability for example, it is necessary to use it at a temperature 
lower than the flash point. 
[0037] 

Thus, it is not carried into a solder tub while the solvent for flux has not evaporated, since heating evaporation 
of the solvent for flux can be carried out completely uniformly by carrying out preheating by the manufacturing 
method and manufacturing installation of a solar battery element of this invention. Therefore, the solder solution 
temperature fall by the latent heat of vaporization generated when the solvent for flux evaporates can be 
prevented. When [ to the heated melting solder tub ] immersed, there are an effect which prevents the solar 
battery element 9 breaking by a thermal shock, and an effect of activating flux and removing the oxide of the 
electrode surface of the solar battery element 9. 
[0038] 

This invention is not limited to the above-mentioned embodiment, and can add many corrections and change 
within the limits of this invention. For example, the form of a wafer carrier is not limited to this and, The kind of 
solder may be the eutectic crystal solder of Sn-Pb, and even if it uses what is called lead-free soldering that 
does not contain lead, such as a Sn-Ag system, a Sn-Cu system, a Sn-Zn system, a Sn-Sb system, a Sn-In 
system, and a Sn-Bi system, it can acquire the same effect. 
[Brief Description of the Drawings] 
[0039] 

[Drawing 1] It is a figure showing the manufacturing installation of the solar battery element of this invention. 
[Drawing 2] It is a figure showing the process of the manufacturing method of the solar battery element of this 
invention. 

[Drawing 3] (a) is a figure showing the wafer carrier by the manufacturing method of the conventional solar 
battery element, and (b) is a sectional view between A-A' of (a). 

[Drawing 4] (a) is a figure showing the manufacturing method of the solar battery element by the conventional 
method, and (b) is a figure showing the inside of the tub of the conventional hot wind heating system. 
[Explanations of letters or numerals] 
[0040] 

1: Silicon substrate 
2: Diffusion zone 
3: Antireflection film 
4: BSF layer 
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5: Surface electrode 

6: Rear electrode 

7, 8: Solder enveloping layer 

9: Solar battery element 

1 0: Preheating tub 

1 1: Liquid (heating medium) 

1 2: Arm 

13: Heater 

1 5: Wafer carrier 

16: Solder tub 

17: Solder melt 

20: Preheating tub 

21 : Thermo couple 

22: Temperature selector 

23: Hot air generator 

24: Open air incorporation mouth 

25: Wafer carrier 

26: Hot wind 



[Translation done.] 
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